the network parallel to the overall flow direction were treated as no-flow boundaries. The discharge through a given pore throat, ij, (as shown in Fig. 1 ) can be expressed as (Acharya et al., 2004) : ( ) ij ij j i q g P P = −
where q ij is the total volumetric flow rate through pore throat ij, g ij is conductance of pore throat ij, and p i and p j are the fluid pressures in pore bodies i and j, respectively.
The conductance, g ij , for a pore throat with a rectangular cross section is: 
where R ij is the width of the inscribed circle of the pore throat, μ is the fluid dynamic viscosity, l ij is length of the pore throat, and g sh is the shape factor for a rectangular cross section, expressed 
For incompressible steady-state flow, the sum of discharges from all pore throats connected to a pore body must be zero:
where z i is the coordination number of pore body i. Equation (10) is applied to all pore bodies except those along the inflow and outflow boundaries where pressures are specified.
Considering the network as an REV, the average pore water velocity can be determined as:
where Q is the total discharge through the network (the sum of fluxes through all pore throats at the inlet or outlet boundary of the network), L is the network length in the flow direction, and V f is the total fluid volume present in the network. Because we are modeling single-phase flow, the fluid volume is the sum of the volumes of all pore bodies and pore throats.
Pore scale transport formulations
An example of interconnected pore bodies and pore throats is shown in Fig. S2 . Fig. S2 . An example of inter-connected pore bodies and pore throats. Flow direction is from pore body j, the upstream node, into pore body i, through pore throat ij.
Colloid mass balance for a pore throat, neglecting diffusion, can be written as:
where c ij is the pore throat average mass concentration.
The kinetic attachment rate of colloids within a pore throat can be written as:
, ,
where s ij is the average adsorbed concentration, k att,ij and k det,ij are attachment and detachment rate coefficients of throat ij, respectively.
Discretization of Eqs. (12) and (13) in a fully implicit scheme gives: 
The mass balance equation for a saturated pore body can be written as We used the pore-network model described above to simulate our experimental results, leading to macro-scale concentrations.
Supplement 2:
Video: rapid flow rate change on colloid remobilization during saturated flow in a micro-model.
